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BACKGROUND OF THE INVENTION 

An important aspect of the manufacture, regulatory review and approval of all dosage forms concerns 
their stability over extended periods of time. The stability data obtained with regard to a particular dosage 
5 form directly affects its shelf-life. The stability of a pharmaceutical dosage form is related to maintaining its 
physical, chemical, microbiological, therapeutic, and toxicological properties when stored, i.e., in a particular 
container .and environment. Stability study requirements are covered, e.g., in the Good Manufacturing 
Practices (GMPs), the U.S.P., as well as in the regulatory requirements of the country where approval to 
market a dosage form is being sought. In the United States, a request to test, and eventually market, a drug 
w or a drug formulation may be made via a New Drug Application (NDA), an Abbreviated flew Drug 
Application (AN DA) or an Investigational New Drug Applications (IND). 

The agents used in sustained release dosage formulations often present special problems with regard 
to their physical stability during storage. For example, waxes which have been used in such formulations 
are known to undergo physical alterations on prolonged standing, thus precautions are taken to stabilize 
75 them at the time of manufacture or to prevent the change from occurring. Fats and waxy materials when 
used in purified states are known to crystallize in unstable forms, causing unpredictable variations in 
availability rates during stability testing at the time of manufacture and during later storage. 

It is known that certain strategies can be undertaken to obtain stabilized controlled release formulations 
in many cases, such as insuring that the individual agents are in a stable form before they are incorporated 
20 into the product, and that processing does not change this condition, retarding the instability by including 
additional additives, and inducing the individual agents of the dosage form to reach a stable state before the 
product is finally completed. 

It is also recognized that the moisture content of the product can also influence the stability of the 
product. Changes in the hydration level of a polymeric film, such as the ethyl celluloses, can alter the rate 
25 of water permeation and drug availability. Also, binders such as acacia are known to become less soluble 
when exposed to moisture and heat. However, moisture content of a product can be controlled fairly 
successfully by controls in the processing method and proper packaging of the product. 

Hydrophobic polymers such as certain cellulose derivatives, zein, acrylic resins, waxes, higher aliphatic 
alcohols, and polylactic and polyglycolic acids have been used in the prior art to develop controlled release 
30 dosage forms. Methods of using these polymers to develop controlled release dosage forms such as 
tablets, capsules, suppositories, spheroids, beads or microspheres are to overcoat the individual dosage 
units with these hydrophobic polymers. It is known in the prior art that these hydrophobic coatings can be 
applied either from a solution, suspension or dry. Since most of these polymers have a low solubility in 
water, they are usually applied by dissolving the polymer in an organic solvent and spraying the solution 
35 onto the individual drug forms (such as beads or tablets) and evaporating off the solvent. 

Aqueous dispersions of hydrophobic polymers have been used in the prior art to coat pharmaceutical 
dosage forms for aesthetic reasons such as film coating tablets or beads or for taste-masking. However, 
these dosage forms are used for immediate release administration of the active drug contained in the 
dosage form. 

40 The use of organic solvents in the preparation of hydrophobic coatings is considered undesirable 
because of inherent problems with regard to flammability, carcinogenicity, environmental concerns, and 
safety in general. It considered very desirable in the art, however, to provide a controlled release coating 
derived from aqueous dispersions of a hydrophobic material, such as ethyl cellulose. 

Unfortunately, to date, while many formulations have been experimentally prepared which rely upon a 

45 hydrophobic coating derived from an aqueous dispersion to provide controlled release of an active agent, 
such formulations have not proven to be commercially viable because of stability problems. Aqueous 
polymeric dispersions have been used to produce stable controlled release dosage forms, but this has only 
been possible by other methods such as incorporation of the same into the matrix of the dosage form, 
rather than via the use of a coating of the aqueous polymeric dispersion to obtain retardant properties. 

50 When coating using aqueous polymeric dispersions to obtain a desired release profile of the active 
agent(s) over several hours or longer, it is known in the art that the dissolution release profile changes on 
ageing, e.g. when the final coated product is stored for a period of time, during which time it may be 
exposed to elevated temperature and/or humidity above ambient conditions. This problem is illustrated, for * 
example, by Dressman, et al., Proceed. Intern. Symp. Control. Rel. Bioact Mater., 18 (1991), pp. 654-655, 

55 Controlled Release Society, Inc. who reported that phenylpropanolamine HCI pellets coated with an ethyl 
cellulose-based film are only stablest room temperature under ambient humidity conditions. Munday, et al., ' 
Drug Devel. and Indus. Phar., 17 (15) 2135-2143 (1991) similarly reported that film coated theophylline mini- 
tablets film coated with ethyl cellulose with PEG (2:1), and ethyl cellulose with Eudragit L (2:1) impeded 
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Munday, et al. concluded that the decreed rate ^r«LL«! (RH) 3pp93r9d ,0 «» ^significant, 

diffusion of the drug across the SZf lZ£JZ!~ * *° *° Mto ° f ™ ,ecu,ar 

significant alterations in the Wne^TtonZT^T Tf * d ^ *• Chan9e was d "° to 

This instability problem is known V n* "K wlT2 ^ dU " n 9 818 ^mental storage, 
solution. ° not ex,st wh8n ®° polymers are applied from organic solvent 



OBJECTS AND SUMMARY OF THE INVENTION 
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con::~ ; s r a p z^=r a rr, a ."set- tawet * « 

samtang agent and a fertilizing agent coated XTLSS 3 d,sin,ect,n 9 a 3™t, * cleansing agent, a 
a.ky.cellu.ose or acry.ic polymers such i T a 1^£ , !7 ,0n ° f ' hydrophobic P-W. •* 

placed in an environment of use 6 d,ssolut,on Profile of the active agent when 

P^oTST ^^LK^J^"^ re,8aSe comp risin g a 

aqueous dispersion of a hydrophobic ToCe- ™ d llZT™ T boads bei "9 «>ated with an 
exposure to accelerated storage conditions P 9 3 ra P roducible . stable dissolution despite 

comp sts::s;r:r::r o, r parin9 a c — «— «- 

such that there is a stable dissolution J5S, ofTe ^SSZfT? " * 
desp,te exposure to accelerated storage conditions 9 " P ' aCed * n m e ™™ment of use, 

subs!l~ j t Ive 8 K£TS COntr0 " ed rel9aSe »»— " a 

there is a stable dissolution P rom o^e aTj a S^ZlnTZ°" " 3 hydr ° Ph ° biC P° ,ymer such *« 
storage for a period of time where the coated formu^on l a T " 9nviron ™ nt ° f even after 
temperature and/or humidity e.evated above ^21?!^ 6XP0S8d t0 ^ C ° nditi ° ns of 

-**ts isi p b ~n: r^ n a 0 r ro,,9d re,ease — *— - 

polymer such as ethylcellulose which Z„ " ZZTZe ZZ™*, « 3 hydraphobic 

the formulation, despite exposure to aocel^^ a ^?^ 80 acBwe 39ent contained in 

srsr by a ~ ^-ariss: sr £ r~ si 

M ^7^^^^ * the present invent, which relates in 

sufficient to provide a desired effect in Te3m«M T ^ 30 a 9 ent in *" amount 
dispersion of p,astici 2 ed ethy.cel.uSe n Z SEJS^TJF O0-Bd ^ " a ° ue °«* 

agent when said formulation is exposed to ™ environment « r9,ease of Mid active - 

« temperature greater than the gtess JL^£ZZ^SL C ° at9d SUbStrate iS cured * a 

lulose and at a relative humidity from about 6 % KS ?oK 2T2, T^" ° f P,aStiCi2ed eth ^el- 
endpoint is reached at which said coated subsVl ™vil«c t I, ^ of « me a curing 

which is unchanged after exposure to a^ZT^Z^ 9d diSS °' Uti0n 0f said active ^nt 
comparing the dissolution profile of theSS SSSf"* endp ° int bein ° determi ^ b * 
formulation after exposure to accxaleratedTrS "oSET. '"'"J? t0 *" diSS °' U,i0n profile of th ° 
37 -C and at a relative humidity of 80% T25^!J^^■ , ™ nihS * 3 te Wure of 

weight gain from about 2% to about 25% P d embod,m£ "*s. the substrate is coated to a 

In other embodiments, the coated substrate i* , . 

temperature of the aqueous dispersion ^S^^^T 1 ^ *" *• 9 ' 3SS transitio " 

60% to about 100% to cause indTvidu^ 1£5E oS ' ? ? ' hUmi ^ Uom 

slow the release of said active agent whe7exMse^o COat ' n9 t0 003,8809 and to 9 rad ^'y 

at which the cured coated substrate. ZZZZZ ^r.!" e ~ 9ntal fluid ' «" a " endpoint is reached 
amounts which do not vary at any time point aC^ 2^ r9 ' 9aS9S S3id active a 9 ent «" 
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according expiration dating for said formulation 

-» » ^ i^*J^?c•ff^r^^^i , "•- i - 
ntoa l M «lte, 4 hum and torn abow 20% 10 about 90%T, 111 ^ ™„, ? ?" „ M| 

■Mi 

temperature ofaz-c'and at a revive hSC^ ' ** 31 3 

dB^^"^!!^ T t0 3 m6ttl0d ° f treati " 9 3 P3ti9nt with " oral «*» dosage form 

expiration dating. * e " d9d St3b " rty wh,ch ma y result in "*nded shelf life and 



BRIEF DESCRIPTION OF THE DRAWlNfSR 
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Figure B is an SEM of the coated bead depicted in Figure A after curing in accordance with the present 
invention; r 

Figure 1 is a graphical representation of the dissolution stability results obtained with Example 1 
Figure 2 is a graphical representation of the dissolution stability results of Comparative Example '1 A- 
s Figure 3 is a graphical representation of the dissolution stability results of Comparative Example 1 1* 
Figure 4 is a graphical representation of the dissolution stability results of Comparative Example 1C : 
Figure 5 is a graphical representation of the dissolution stability results of Example 1, comparing the 
dissolution profiles obtained under various conditions; 

Figure 6 is a graphical representation of the initial' dissolution profiles obtained under various curing 
10 conditions; a 

Figure 7 is a graphical representation of the results obtained for Comparative Example ISA- 
Figure 8 is a graphical representation of the results obtained for Example 1 8; 
Figure 9 is a graphical representation of the results obtained for Example 19; 
Figure 10 is a graphical representation of the results obtained for Example 21; 
75 Figure 11 is a graphical representation comparing the in-vitro release of Examples 22 and 23 versus a 
commercially available reference (MS Contin); 

Figure 12 is a graphical representation of the' blood levels obtained for the controlled release formulation 
of Examples 22 and 23 versus a commercially available reference (MS Contin)- 
^ 9ure , 13 J S 3 9raphical rcprcserrtation of the blood levels obtained when two 30 mg capsules of 
?o Example 23 are administered, in comparison to one 30 mg MS Contin tablet- 
Figure 14 is a graphical representation comparing the in-vitro release of Examples 23 and 24 versus MS 
Contin; 

Figure 15 is a graphical representation of the blood levels obtained for Examples 23 and 24 versus MS 
Contin; and 
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Figure 16 is a graphical representation of the blood levels obtained when two 30 mg capsules of 
Example 24 are administered at the same time, in comparison to one 30 mg MS Contin tablet. 



DETAILED DESCRIPTION 

30 .„J£ aq " 90U = dis P 9rsions <* hydrophobic polymers used as coatings in the present invention may be 

Z n tT 'fl T 38 tabl6,S ' Sph6r0idS (0r beads) ' Microspheres, seeds, pellets, ion-exchange 
resin beads, and other multiparticulate systems in order to obtain a desired controlled release of the active 

n?rl!T UeS> Sph f r0idS * ° r P9l>Bte ' etC " prepared in accord ance with the present invention can be 
presented l ,n a capsule or ,n any other suitable dosage form. The tablets of the present invention may be 

r ta nn f \ Sh rl ap \ SUCh f T d ' oval ' biconcave - hemispherical, any polygonal shape such as square, 
rectangular, and pentagonal, and the like. 

In order to obtain a controlled release formulation, it is usually necessary to overcoat the substrate 
comprising the active agent with a sufficient amount of the aqueous dispersion of hydrophobic polymer e g 

4a Sr?n°S t h h 3 Wei9M 9ain leVe ' fr ° m about 2 10 ab0Ut 25 P ercent - a « h0 "9 h »• ™ercoat ™y * 
40 tesser or greater depend.ng upon the physical properties of the active agent and the desired release rate 

ttie inclusion of plasticizer in the aqueous dispersion and the manner of incorporation of the same, for" 

0X3171 pi©. 

The cured, coated substrates of the present invention provide a stable dissolution profile (e.g.. release 
of the act.ve agent in the environment of use) when stored for extended periods of time at room 

45 STcondSns ambient hUmidi,V (9 ' 9 '" ' 0nfl t9rm (r9al ^ teStir,9) ' a " d WhGn teSted under **elerated 
The terms "stable dissolution profile" and "curing endpoint" are defined for purposes of the present 
invention as meaning that the cured, coated substrate reproducibly provides a release of the active agent 
*„ TZT^h T environ, " ent of ose which is ^changed, even after exposing the cured, coated subsJate 
eo to accelerated storage conations. Those skilled in the art will recognize that by "unchanged" it is meant 
that any change in the release of the active agent from the cured, coated formulation would be deemed 
insignificant in terms of the desired effect. For pharmaceutical formulations, stability is determined by. e g a 
regulatory agency such as the Food a Drug Administration (FDA) in the U.S.. for the purpose of according 
an expiration date for the formulation. awuiumy 

65 tJSJl "f CC S 8te f St0ra96 conditions " « is mea "t. °-9- storage conditions of elevated 

temperature and/or elevated relative humidity. Preferably, the phrase "accelerated storage conditions" 
refers to storage conditions to which the final drug formulation is subjected for the purpose of obtaining 
regulatory approval (e.g., FDA approval in the U.S.) and an expiration date 
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SEE" tonfl '■*■ — ■ , " t ""* - —•«■ -ssss ez. c £z 

ni ac ?7 T Parame,er in *" d8termi "a«on of a suitable plasticizer for a polymer is related to th» 

aaen^fnr 2?!? * , S " itab,e P lasticizers includ ° the ability of the plasticizer to act as a good "swellina 
agent for the ethylcellulose. and the insolubility of the plasticizer in water. 9 - 
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q T:: t v^^^^^^Tn^ of ta,c reduces *• of me 

vanabimy i„ ..ease rates wi„ resu S: 0 S - " C ° a ' eSCenC8 «• «* c^^^Z 

~- ss Ki!2!s.*.':'r'^~-~--«-»._ 

However any fi, m . f orm er knom , jf) ^^^Tr"? ^thylce,lulo^(HPM C )' 
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^x-^—z: — — - 

Generally the curinn J ■[ the for ™tetion after exoosum tn JT , n,tial d,ss <>lution 

of the active agent wWrtSS ™? ^ eXP0SUre to derated condifionsT Tf° 1 ^ * 9raph of 

gem released, the formulation is considered 
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acceptable when considered h„ nn 

concerns and expiration dating \CZeT agencies such as the uSfda. 

baas, and any band ranoe for a ^ P band ran 9«s are determined h , «, J! DA for stabi % 
governmenta/regul^l 3 pharmaceuticaJ which wouS 1 1 ?* °" 3 ^"y-case 

s embodiments mHorl^H L W ° UW be ««*lerBd to fall wiZ 1? aCCep,ab,e b V *"ch a 

teased. , n J£ p t S emS^ ^ iS " 0t ™* ^ 5% theT^ ^ h pre,e ^ 
active a 9 ent reieasrlrSap^S^r ^ ^ iS « ^ £^72»° f .r W ^ 
The release of the active ^P' 68 - »» band range is often SLi « ^ total amount of 

further influenced iT 39ent * om m * controlled release fr,™?,.! Wcantly less than 10%. 

- or by pro"!" on " * — "to. °V *.3S^32S re 6 T** Ca " * 

The ^ISS S , thr ° U9h "Modifying agents, 

mat - eXr £ cts^rr* or — - — 

pyrrolidone, polyrthylS^S,?^ ?* be US9d " such as polyvinySS S6S ' ^ pre,erred - 

Polyols. polyhydric alcoLs 1? ^^es®, Carbopol®, and the le Th a J "T" WWch 
formers L noTtoxS '^ ^ 9 ' yco,s - PoWycol. ^^JS fK T^ embwd W8 I 
lamina that fi „ with L ^ from ^a. 2?2^ f M *• T »e 

« Semipermeable p^STnl^ G ™ ronment "a " ^ are ,ormed trough the 

beta-g| ucan acetate Slh^T ^ Cy,a,e ' ce,,u,ose acetate 1 ^P' 6 ' C9,,u,ose 

•nane. donated ^552^2^^ ^ Ce " U,0Se -i^oSS!? T** 

* acetate succinate. cJuZ ^T T** phtnalate - cellulose ^LS^l f' 

mitate, cellulose dioctanol d,me *y ,am 'noacetate, cellulose a2S» W Carbamat *. cellulose 

•"lose acetate pSZSSn^T c ° Mos » «SLSft! ce,lul <*e «%*• 

those described^ U Tp*2 „' T^** aCetete JESTZS^f*** Va ' 9rate ' 

permeable porymer tforZZ* ' ^ ^ "^^^XSSS" 8- * P °' ymerS SUCh as 

« Nos. 3,173,876 32765^^^ ^Precipitation of a polycation an d a ™ >' 38 * e sel9 «"ely 

incorporated by reference Other « >V 35 m ° se disclosed in US P»tL m ° d,fy,n9 a 9 ente 
release coating of the oreS^! taWe " lB ^^N» aoenta Ifch m- ^ N °' 2 ' 196 ' 768 ' he reir. 

« SM, as gums . IMgdi *T! S „ «W*r is also intsnded to i^taST^? - *^ "MflM 
•»-. Soar. taJS " ■^i"?"* ""^ 9 ™' a ** »L"^r *„TT OTm ° ,n9 ^ 
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a tan of a dicarboxylic acid or LyJ^T^T^' Z", ^ pre <> ared «V SUSS 
m-croporous polysaccharides having IS^^SE?* ^'^^es), phenolics. powers 

chajn-extended p«-y£«»Sr5SiSj^^ inc,ude Methane), cross-linked 

so..d cross-linked P°'y(v.ny.p y Udo ^ «**», regenerated proteins 

»« mto polye.ectro.yle sols, microporous *rt3ST? SSS.'T"? * diffUS, '° n °' multivate "t «>tioI 
po yfv.nyl benzyl trimethylammonium MrtdTrnZS?^ Q) SUCh 38 P^^nvstyrenesuiionateT 

Tn ' S ' ^ 3 ' 646,178 ' ,nd 3 ' 852 ' 224 (a! ofS are 22 ' 3 ' 276,589; 3 ' 541 " 055: 
In certain preferred embodiments of the eraserT^ ? Y ,ncor P° rated "V reference). 
"T rrr^ ^-modifying agent i hydrox- 

P T 7=^ .e conned release coatings of the 

hydrophobic polymer (e.g., ethy.ce.Mose, ^ re^a^i W8 ' 9ht ; * *• ""W"" "eight o° 

rwlymer to hydrophilic polymer is from abo7ST^ ^T*' ""^ the ra «° °f hydrophobic 
^ entS " ^ 00nWW ^ Wei9M - preferred 

50/o and ,n most preferred embodiments from aboj J01* h ,nc,ude fro "> about 0.1% to about 

by wei9ht - * - 

•east one passageway. "Co Tthe £ *° inC,Ude " «* comprising at 

d-sclosed in U.S. Patent Nos. 3.845 770 3^ 16 S Ti Z7 n ^ * form9d > sucn methods as hose 

™? v :^ srirsir- of - — — *** 

mpregnants. cleansing agents, deodorants, fragra^ceT d^T ^ disinfecti "9 agents, chemical 
"0 agente, pesticides, herbicides, fungicides aK 'S T* repe " entS ' insect a ferti 

A wide variety of therapeutically active a n«nt? ^ st,mula nts, and the like. 
JJ« therapeutically active Tgents^ " ith «» P«« invention 

the present invention include both water sL.ubfJ Z f° S) Wh ' Ch may be used «» composition of' 
* J active agents include antihitfaS^^^^^ 

dexc h ,o r pheniramine maleate), analgesS e*g" diphe h ^ dram ^ chlorpheniramine « 

etc ), non-steroidal anB-inflammatory agents fe o S J ?' m ° rph,n8, dih y d '°™rphone. oxycodone 
ant-emetics (e.g., metoclopramidl). ^SZETS? indometha *". ibuprofen.Sac ' 

vasod,.ators (e.g.. nifedipine. papaverin^X^^^ and nitrezept ,' 

(e.g.. codeme phosphate), anti-asthmatics feTiiSS ^ mMussW * W and expectants 
scopotem,ne). antidiabetics ,e.g.. insulin). J«Ltl 2™^?L anti ^ asm ^ to atropine 
(eg- propranolol, clonidine), antihypertensives feo ciLZ ^ k bendrofl "azide), anti-hypotensives • 

c««y. P»n MMa , poo,*, ^ J, nds £ ^J^JJ" « bo* CM. u « £ M 
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sium hydroxide etcnrt„ P lf ate dibaSic ' «**"• so^ S 7 39entS (e " 9 ' buffe "ng 

When ■•^i^nSi'Srr ^^RS^ T^" and **** 

(e g. the substrate) m a „ 1 °' the P resen » invention is to b« "J! ■ h ? meant t0 1,8 exc,us «ve. 

» Pharrnaceuti^Ilt? P . nSe the aCtVe ^ along wi th anv °£ * ^ the «*• «• 
line celiufose xytl «*«** inert 

generally aoc^ZL^Zr 80 ^ miXtures and the Z *l ' aCt0Se ' ""^crystal- 

*• aboJe-menS 1' ^ inC ' Udin9 the cal *- rnagne^ £*• ^ ° f ■» 
is magnesium stearate ?n ^1 a l » ? P ' ent prior t0 impression of ttaSET PS may be added to 
- -n another f^Z^^g* b * weight of £ ZS^ST *" ^ 

In still another preferred emhnn- surround.ng body of 

nutrient ingredients such M h^, amrnon »"rn phosphate, ammoniated ammon,ur n sulfate, 

- S~ty ^P*^^ >™ and 

percentage if about f 9 £ l?' 9 * Ch '° ride of «"»■ and ?% ? n "ZLSL ^Sr* 0 " 1 9ranular calci ™ 
Patent No. 4., 8 ?763 h te^ L™" ° f * out 57 9 «• a diamete R" *" aVai ' ab,e Chtorine 

dispersion of plastfcted h I ,nc ° r P° rate <> by reference. The subirate ^ 1 ^ 35 described " U.S. 
depending ^»X21S2^ P °* n,ar to a STS, j?! W * h 1,10 ■*"«• 

present inven bon ^t^lT"*?*™*"- « *• i i ^ ! - to ^ 3 ° P " Cant 
stable dissolutor^e 3 " 6ndP0 ' nt ' S ' each ° d at which the!* ^Toro^^ Wrth 
When the active agent comn • 3 re P roduci °'y 

loroisocyanurica C ,did a r^f 6 mav alternatively wnSS," 0 ^? "VPochlorite and/or 

described in U.S P^nt No Sa,t 0f dic "- 

d One possible C * ^ ^ " ^ "** " 

dye, io^o% surfactant (which mav 9W ' nC,Ude a substra te comprisino 0 5 s* , 

optional components «JT»r V " 0n,onic ' m***?. anionic or 3£ '^ance. l-io% 

ingredients knoTto IS 88 """W** disinfectants, poZ^LTT" Surfactan *>. and other 
comprising a Set all? T" * "» «• Suc " ^JSE^ k^" 1 ^ included 

^. a nd%r^c 9 r * ~ ^sris^'s: 
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ethylcelluloso on th^l, £ " t0 8 wei <> ht <* 5% The sem L ^ 9 ' S 30 aqueous 
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EXAMPLE I 

TABLE 1 



Ingredient 


Percent 


Amt/Unit 


Hydromorphone HCI 
Nu Panel 18/20 
Opadry® Lt. Pink Y-5-1 442 
Opadry® Lt. (overcoat) 


4.75% 
87.9% 
2.4% 
5.0% 


4mg 
74 mg 
2mg 
4.2 mg 
84.2 mg 


100.0% 



TABLE 2 
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35 



Composition After Coating 


Ingredient 


Percent 


Hydromorphone beads 
Aquacoat® ECD 30 
Triethyl citrate 
Opadry® Lt. Pink 
Y-5-1 442 (Overcoat) 


80.57% 
12.06% 
2.39% 
4.98% 
100% 
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TABLE 3 




TABLE 5 

30 — 




TABLE 6 
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TABLE 7 
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TABLE 8 
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LT' 0 ^ conditions, the change in 

24 r^'aaa: r - Ksssar band ^ — - 

to -.cure, a, a,, accented oo^li^^SSr. ^ ^ ^ 1 ° ""^ to «™ *"m 
widest pomt of the band range tor CtomDarati^ln! !? " Tab ' 8S 9 ' 10 ** 11 ■ respectively The 
Point of the band range for S-np^EJS?^ * 3%TaU2 ht ^ h ^ widest 
*e band range for Comparative Example 1C is in clntrlf *f „ ° UrS d,sso,utio ")- ™e widest point of 
that the resutts of Comparative Exarrmle ic JL ? ° nly 91% (at 18 hours dissolution) The to 
or Compare Examples , A an^T* i^TTwSTr " ""^ t0 ^ 
utihzed cunng at high relative humidity conditions "* 0nly ^ParaBwB example which 
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TABLE 9 




30 



TABLE 10 
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TABLE 11 




30 



35 



40 



45 



Figure 2 is a graphical representation of th» J*Z a " 31 37 " C/8 °%RH. 

the ww dilution prafi ,e wi the «ZlT P r T^sTZT^^ 1A ' 

Figure 3 is a graphical representation of the dklnf 7 ? St ° ra9B at 37 * C/ 80%RH. 
the initial dissolution pro fi ,e w£. the £^S^ B ^^^ * comparing 

Figure 4 ,s a graphical representation of the Zfnf * ? Stora£,e at 37 ' C/8 °%RH. 9 
tne initial dissolution profile vl the •Cl^S^a'S "Z^"*"-" 1C, comparing 

Companng the results depicted in Figure TuSmnt n ^ f 0ra " 3f 37,C/ 80%RH. 9 
comparative examp.es). it is readily appShL ^ p > ** ^ reSU,ts deDicted «" Figures 2-4 (the 
Profits su^ ly id tic , und^ sto™«ro^7S % ;r *" * "* 8 ^ ~ 

(room temperature; 37'C/80%RH; and 60- C dnrt tIb ^'.V stor a9e under various conditions 

^cr-TrsT" 2 ^ 1 ^ profi,es of 1 after 8 weeS 

curing conditions (curi g ofTh's* e^cTT °' ™» diSS0,uti °" obtained after varies 

«-C dry (Comparative^Se Tgng^J* 7 * * (^e^ZTi 
tor 24 h °"rs (Comparative Exampie , C )) (Comparative Example IB); and at 60-C at 51 



50 



55 



^i^^^Z^S^T - 1 - order to 

ach,ev*d by a longer drying period without luTm lftTLT" 9 * 60 ' C/fl5% RH cou.d instead be 



17 



EP 0 630 646 A1 



TABLE 12 



10 



Percent 



^Position Afte rfWirwj 

Ingred ient 

Hydromorphone beads 
Aquacoat® ECD 30 
Triethyl citrate 
Opadry® Lt. Pink (Overcoat) 



Ami/Unit 



75 



20 



TABLE 13 
Dissolution (Time) 



25 



30 




40 



45 



50 



55 



rrom me results set forth in Table n phn 

more simi lar rate t0 ** the *>* h Example 2. however W oui5t t ^ 7% re ' eased afte ' 

EXAMPI F <» i„- 61 ^ Example 1 

Glass vial and cured in a accordance Example i and th«„ -, , 
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TABLE 14 



10 




15 



20 



s^^^ **- s(ow down in release rate of 

h.9h temperatur^igh humidity condition of £22 Tot h° "** a " d under the 

which the dissolution profi.e gets down to the S^VLSLTi" n0t reaChed at 

rate is apparent when comparina e a thn ini«=i w , . txamp,e Th,s Profound slow down in releas* 

5? 3 f att ? ^ ^5 ^ ? > ~ 

53.3% after two hours; 29.5% vs. 77.3% after four hours; etc ). ° ^ ° ne hour; 4 6% vs. 



EXAMPLE 4 - RecommendB d Curing (Prior Art) 



25 



30 



35 



™ M J"* «• *en o™™** »im 0pM ™.7£ Sia^ !T» « insert. Th. 

TABLE 15 



Ingredient 


% (wt) 


Amt/Unit 


Hydromorphone beads 
Aquacoat® CD 30 
Citroflex®2A (Triethylcitrate) 


84.7 
12.7 
2.5 
99.9 


80 mg 
12 mg 
2.4 mg 
94.4 mg 



40 



45 



TABLE 16 



50 



55 



Time 


Mean wt 


1 


2 


4 


Hour 

8 


s 






Initial 
3 mos 


283.2 
282.3 


30.4 
36.2 


44 

57.8 


70.2 
76.9 


89.1 
89.0 


12 

97.0 
93.4 


18 

101.3 
96.6 


24 

102.1 
98.5 


37«C/80% RH 


1 mo 

2 mos 

3 mos 


288.4 
287.3 
293.7 


0.5 
0.6 
1.2 


26.7 
25.1 
23.7 


50.5 
50.7 
48.6 


69.6 
70.3 
65.6 


80.7 ~ 

81.6 

74.5 


90.7 
92.2 
80.2 


97.0 
98.8 
83.5 
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fO 



/5 




20 



25 From the results set forth b 



30 



EXAMPLES6-7 



'n each of Examples 5 7 h„h manufactured at different 



40 



45 




50 
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TABLE 19 



10 



16 



20 



Compos,hon of Ex fi ah» t Cnritj 


Ingredient 

Hydromorphone beads 
Aquacoat® ECD 30 
Triethyl citrate 


Percent 

89.3% 
8.9% 
t.8% 

100% 


Amt/Unit 

84.2 mg 
8.4 mg 
17 mg 

94.3 mg 


TABLE 20 





Compos,hon of Ex. 7 ah», n ml ~ 


Ingredient 


Percent 


Amt/Unit 


Hydromorphone beads 
Aquacoat® ECD 30 
Triethyl citrate 


84.8% 
127% 
0.9% 
100% 


84.2 mg 
12.6 mg 

2.5 mg 

99.3 mg 



25 



30 



60-C oven for TzZuTt^L?™?™ C ° ntainin 9 «» Aquacoa^ll^ w ° HPMC ° Vercoated 
and therefore were Z JS?" were ^ov2d 3m e ole ns °r h ^ th9 " P ' aced in a 

Opadry® Y-5M442 ,2 p nk jn t J"* ^ *»» for on * hour. They vZ L n * b8B * «*« •»■* 
Stability studies on E^nn, 7** ,n8ert ^ With 5% w/ * 

samples placed at V-cau^Zl.'t 0 " """^ diss °'"tion S to be the sam* „ w 

C ° ndrt,0nS - 77,9 «* provided in T^bS-S *"* 0 " 



.35 



40 



45 



TABLE 21 




12 


18 


24 


93.8 


98.0 


95.6 


89.8 


94.6 


96.4 



60 



55 
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TABLE 23 



10 







Dissolution (Time) - 15% Aquacoat® 


Time 


Mean wt 






Hours 






1 


2 


4 


8 


12 


18 


24 


Initial 
28 


210 
207.3 


5.4 
9.5 


13.9 
23.8 


38.0 
43.4 


57.8 
58.8 


68.4 
67.8 


78.6 
77.0 


81.3 
81.3 



EXAMPLE 8 



75 



In Example 8, Hydromorphone beads overcoated with m<* n# ^ a 
accordance with Example 6. The hydromomhonlTrHrnf p ? o? * Aquacoat ® ** Prepared i 
Table 24 below: nydromorphone beads of Example 8 have the following formula set forth i, 



TABLE 24 



20 



25 



35 



40 



Ingredient 


Percent 


Amt/Unit 


Hydromorphone beads 
Aquacoat® ECD30 
Triethyl citrate 


89.3% 
8.9% 
1.8% 

100% 


84.2 mg 
8.4 mg 
1.7 mg 

94.3 mg 



30 



~. to Example » J.cL^* £2Z aT" K%mi - '*« '<** 

TABLE 25 





C 


)issolution (Time) 


- 10% Aquacoat® 






Example 


1 hr 


2hr 


4hr 


8hr 


12 hr 


18 hr 


24 hr 


Ex.6 
Ex.8 


7.5 
1.1 


27.9 
18.9 


48.5 
45.0 


68.1 
65.0 


78.2 
76.0 


90.3 
85.8 


88.9 
91.5 



45 



50 



EXAMPLES 9-10 

Opa^:^ - Hydromorphone HC, « 
in Example 1. These beads were then SLr JSS l r f ^ ' accordance wiln *e method set forth 

beads were then further coaS, wT^the^lSS "f P ink < 15% wM- These 

coated bead is set forth in^bte T * ' ° f 10% wei9ht ** n - f °™'* of the 
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TABLE 26 



10 



15 



Ingredi nt 


mg/dose 


Percent 


Hydromorphone HCi 


4.0 mg 


4.32% 


NuPariel beads 18/20 


74.0 mg 


79.91% 


Opadry light pink 


6.2 mg 


6.70% 


Surelease 


8.4 mg 


9.07% 




92.6 mg 


100% 



The batch was then divided into two portions. Example 9 was cured at 60 '0/85% RH for 3 days (72 
hours), and then dried in a fluid bed dryer for 30 minutes at 60 • C to dry off the excess moisture These 
beads were then overcoated with 5% Opadry light pink. Example 10 was left uncured. 

Both Examples 9 and 10 were then filled into hard gelatin capsules at a strength of 4 mg hydromor- 
phone per capsule and stored for 3 months at 37- C/100% RH. Dissolution studies were conducted 
(pursuant to the method set forth for Example 1) initially for both Examples 9 and 10 and again after the 3 
month storage at 37* C/100% RH. The results are set forth in Tables 27 and 28 below 



TABLE 27 



25 



Example 9 


Time 


Initial 


3 Months at 37* C/100% RH 


1 


4.7 


6.5 


4 


42.3 


56.0 


8 


64.9 


75.0 


12 


77.2 


83.19 



30 

TABLE 28 



35 



40 



45 



50 



55 



Example 10 


Time 


Initial 


3 Months at 37* C/100%. RH 


1 


1.6 


4.5 


4 


12.0 


61.9 


8 


47.8 


79.0 


12 


66.7 


87.7 



The results indicate that despite the expected differences in initial release rates caused by the use of a 
different aqueous dispersion of ethylcellulose (Surelease® as compared to Aquacoat®). the curing step as 
descnbed above for Example 9 still significantly stabilized the product in comparison to the uncured 
product of Example 10. The relatively faster controlled release rate of the Examples using Aquacoat® as 
compared to Surelease® may be due to the lesser degree of plasticization during the preparation of the 
coating formulation. However, products using either coating may be modified to obtain satisfactory results. 

EXAMPLE 11 



stabilization of morphine beads in accordanc with th pr sent 



The following example illustrates th 
invention. 

A suspension of morphine sulphate and HPMC (Opadry® Clear Y-5-7095) was applied onto 18/20 m sh 
Nu-panel beads in a fluid bed granulator with a Wurster insert, at 60 * C. A HPMC purple color suspension 
(Opadry® lav nder YS-1-4729) was then applied as an overcoat at the same temp rature. The beads' wer 
then vercoated to a 5% w ight gain with Aquacoat® and Methyl citrate as a plasticizer at 60' C inlet Th 
beads were th n cur d in an v n at 60 'C/100% r lative humidity for three days. The beads w re then 
dned in the fluid bed granulator at 60- C. and an overcoat of HPMC with a purple color was then applied 
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using the Wuster insert. 

TABLE 29 



10 



15 



20 



Ingredient 



Morphine sulphate 5H 2 0 
Nu-pariel beads 18/20 
Opadry® Clear Y-5-7095 
Opadry® Lavender YS-1-4729 
Aquacoat® ECD30 (solids) 
Triethyl citrate 

Opadry Lavender Y-S-1-4729 



mg/capsule 



30.0 
255.0 
15.0 
15.8 
15.8 
3.2 
17.6 
352.4 



Percent 



8.51% 
72.36% 
4.26% 
4.48% 
4.48% 
0.91% 
4.99% 
100% 



ob*„v.d lb. , sab,, p^c „ as mad0 . ra . M „ ^in T tfT. M: * m " 

TABLE 30 



25 




Percent Morphine Dissolved 




Time Hrs 


Initial 


37 • C/1 00% RH After 1 Mo 


60-C After 1 Mo 


30 


1 
4 
8 
12 


15.7 
53.0 
84.4 
96.5 


16.6 
51.4 
83.3 
94.4 


15.3 
54.9 
90.4 
96.9 



35 



40 



EXAMPLE 12 

f.na. formu.a«o y n is se, TaWe 31 ° ^ '° ^ * *"« m °^° ^ 

TABLE 31 



45 



50 



Ingredient 


Mg/capsule 


Percent 


Morphine sulphate 5H 2 0 
Nu-pariel beads 18/20 
Opadry® Clear Y-5-7095 
Opadry® Lavender YS-1-4729 
Aquacoat® ECD30 (solids) 
Triethyl citrate 

Opadry® Lavender Y-S-1-4729 


30.0 
255.0 
15.0 
15.8 
47.4 
9.5 
19.6 
392.3 


7.65% 
65.0% 
3.82% 
4.03% 
12.08%- 
2.42% 
5^00% 
100% 
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TABLE 32 



Percent Morphine Dissolv d 


Time Hrs 


Initial 


37 •C/100%RH After 1 Mo 


60 W C After 1 Mo 


1 


0 


3.1 


0 


4 


18.1 


19.4 


17.8 


8 


49.2 


49.4 


45.7 


12 


66.3 


68.2 


65.9 



EXAMPLES 13-14 

75 In Example 13, the applicability of another medicament, theophylline, having very different physical 

properties compared to hydromorphone is demonstrated. 

Theophylline hydrous and colloidal silicon dioxide were first mixed together in a high shear mixer, then 

sieved using a Jet sieve to enhance flowability. Using a fluid bed granulator equipped with a' rotor 

processor, sugar spheres were layered with the theophylline/colloidal silicon dioxide mixture using a PVP 
20 (C-90) solution. Layering was continued until an approximately 78% load was obtained. 

The formula of the 400 mg theophylline beads when filled into capsules is set forth in Table 33 as follows: 

TABLE 33 





Mg/unit capsules 


Theophylline hydrous (equivalent to 400 mg anhydrous theophylline) 


440.0 


Colloidal silicon dioxide 


0.4 


Sugar spheres 30/35 mesh 


110.0 


PVP (C-30) 


13.5 




563.9 



These spheres were then overcoated with a dibutylsebecate plasticized Aquacoat® ECD 30 retardant to 
a 5% weight gain in the Wurster column in a fluid bed granulator. A portion of the spheres was not cured, 
and another portion was stored at 60 *C and 100% relative humidity for 72 hours. The following results set 
forth in Table 34 were obtained: 

TABLE 34 



Time 


Hours 




1 


2 


4 


8 


12 


18 


24 


Initial (uncured) 


9.0 


92.8 


94.6 


95.4 


97.8 


98.0 


100.0 


72 hours at 60* C/100% RH 


3.2 


5.3 


7.0 


7.9 


11.0 


14.1 


35.8 



From the above, it was determined that theophylline spheroids coated with Aquacoat® also are not 
stable and need to be cured. After storage at 72 hours at 60 *C and 100% relative humidity, a dramatic 
drop in dissolution rate occurred; however, such conditions may, in some instances, represent "ideal" 
curing conditions to form a stable product. In view of this goal, the dissolution data after 72 hours at 
60%C/100%RH provides a diss lution profile to slow for theophylline. 

Therefore, Example 14 was prepar d in ord r to attempt to improve the dissolution pr file of the 
formulation via incorporation of this new curing step, and the coating was altered in ord r to incr ase th 
dissolution rate to 100% theophylline dissolved in 12 hours. 

Example 14 was prepar d as follows. Theophylline powd r lay red b ads were made as described in 
Example 13 and were th n overcoat d with a plasticized Aquacoat® ECD 30 retardant, which, and for this 
xample. included 10% HPMC (hydroxypropyl m thyl cellulose). This was done so that th' r lease of 
th ophyiline would b faster than Exampl 13. The inclusion of HPMC to speed up dissolution is kn wn in 
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the prior art. The retardant layer was also coated to a 6% weight gain in the Wurster column of the fluid 
bed granulator. 

The coated beads were then cured for 72 hours at 60-C/100% relative humidity. A dissolution study 
was conducted initially, and once again after the beads were stored at 37-C/80% relative humidity for three 
months. It was observed that the stability of the dissolution of the theophylline from the formulation of 
Example 14 improved dramatically compared to Example 13. It was further observed that by inclusion of 
HPMC in the retardant layer in the proportions of Aquacoat® ECD 30 (solids):HPMC of 9:1, coated to a 6% 
weight gain, the dissolution rate of the formulation was increased to 100% theophylline" dissolved in 12 
hours. The results are set forth in detail in Table 35 below: 

TABLE 35 



Hours: 


1 


2 


4 


8 


12 


Cured Initial 


17 


38 


68 


97 


100 


Storage at 37 9 C/80%RH for 3 months 


13 


31 


60 


94 


100 



EXAMPLES 15-17 

Controlled Release Hydromorphone HCI 8 mg Formulations - Once-a-Day Preparation 
Examples 15-17 were prepared as follows; 

1. Drug Loading. Hydromorphone beads were prepared by dissolving hydromorphone HCI in water 
adding Opadry Y-5-1442, light pink (a product commercially available from Colorcon. West Point PA 
which contains hydroxypropyl methylcellulose, hydroxypropyl cellulose, titanium dioxide, polyethylene 
glycol and D&C Red No. 30 aluminum lake) and mixing for about 1 hour to obtain a 20% w/w 
suspension. This suspension was then sprayed onto Nu-Pareil 18/20 mesh beads using a Wurster insert. 

2. First Overcoat. The loaded hydromorphone beads were then overcoated with a 5% w/w gain of 
Opadry Light Pink using a Wurster insert. This overcoat was applied as a protective coating and provides 
immediate release hydromorphone beads. See Table 36 below: 

TABLE 36 



Immediate Release Beads 


Processing Step 


Ingredient 


% 


mg per Unit 


Drug Loading 


Hydromorphone HCI 


4.7 


4.0 




Nu-Pareil 18^20 


87.9 


74.0 




Opadry Lt Pink 


2.4 


2.0 


First Overcoat 


Opadry Lt Pink 


5.0 
100.0 


4.2 
84.2 mg 


Total 



3. Retardant Coat. After the first overcoat, the hydromorphone beads were then coated with a retardant 
coating of Aquacoat ECD 30 and Triethyl Citrate (a plasticizer) to a 5%, 10% and 15% weight gain 
(based on dry wt. of Aquacoat). A Wurster insert was used to apply the coating suspensions. 

4. Curing. After the application of the retardant coating, the beads were placed in a 60- C oven 
containing a tray of water to maintain about a 100% relative humidity level. All three batches were 
allowed to cure for 72 hours. 

5. Second Ov rcoat. Th cured beads wer r moved from the humid ov n, and dri d in a fluid bed dryer 
for about ne hour. Th dri d cured beads wer then ov rcoat d with a 5% w/w gain of Opadry Light 
Pink using a Wurst r ins rt This ov rcoat was applied as a protectiv coating. The final formulations for 
beads having 5%, 10%, and 15% Aquacoat coatings are set forth in Tabl s 37, 38 and 39 b low 
r spectively: 
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Table 37 



Beads with 5% Coatina 


Processing Step 


Ingredient 


% 


mg per Unit 


Drug Loading 


Hydramorphone HCI 
Nu-Pareil 18/20 
Opadry Lt Pink 


4.2 
78.8 
2.1 


4.0 
74.0 
2.0 


First Overcoat 


Opadry Lt Pink 


4.5 


4.2 


Retardant Coat Aquacoat 


ECD 30 (dry wt.) 
Triethyl Citrate 


4.5 
0.9 


4.2 
0.8 


Second Overcoat 
Total 


Opadry Lt Pink 


5.0 
100.0 


4.7 
93.9 mg 


Table 38 


Beads with 10% Coating 


Processing Step 


Ingredient 


% 


ma per Unit 


Drug Loading 


Hydramorphone HCI 
Nu-Pareil 18/20 
Opadry Lt Pink 


4.0 
74.5 
2.0 


4.0 
74.0 
2.0 


First Overcoat 


Opadry Lt Pink 


4.2 


4.2 


Retardant Coat Aquacoat 


ECD 30 (dry wt.) 
Triethyl Citrate 


8.5 
1.7 


8.4 
1.7 


Second Overcoat 
Total 


Opadry Lt Pink 


5.1 
100.0 


5.0 
99.3 mg 


Table 39 


Beads with 15% Coating 


Processing Step 


Ingredient 


% 


ma per Unit 


Drug Loading 


Hydramorphone HCI 
Nu-Pareil 18/20 
Opadry Lt Pink 


3.8 
70.8 
1.9 


4.0 
74.0 
2.0 


First Overcoat 


Opadry Lt Pink 


4.0 


4.2 


Retardant Coat Aquacoat 


ECD 30 (dry wt.) 
Triethyl Citrate 


12.1 
2.4 


12.6 
2.5 


Second Overcoat 
Total 


Opadry Lt Pink 


5.0 
100.0 


5.2 
104.5 mg 



7. Encapsulation. The hydromorphon beads w re then filled into hard g latin capsules to a total of 8 mg 
Hydramorphone HCI p r capsule using th following combinations: 
Example 15: All b ads have 5% Aquacoat coating; 

Exampl 16: 75% beads having 10% Aquacoat coating and 25% imm diat r lease beads; 
Example 17: 7596 beads having 1596 Aquacoat coating and 25% immediat release beads. 
Dissolution studi s wer conducted on th Aquacoat-coated hydramorphone b ads f Examples 15- . 
17 both initially and after 28 days. The results are set forth in Tables 40-42 bel w: 
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Table 40 



Dissolution of Exampl 15 



Time 


Hours 




1 


2 


4 


8 


12 


18 


24 


Initial 


33.8 


54.6 


71.2 


85.7 


92.9 


97.3 


99.9 


28 days 


34.0 


53.1 


70.8 


86.1 


93.1 


98.2 


100.7 



70 



Table 41 



75 



20 



Dissolution of Example 16 



Time 


Hours 




1 


2 


4 


8 


12 


18 


24 


Initial 


31.6 


43.4 


59.2 


72.3 


79.2 


85.7 


90.3 


28 days 


32.3 


43.7 


59.2 


72.6 


80.7 


86.8 


91 .5 



Table 42 

25 



Dissolution of Example 17 



Time 


Hours 




1 


2 


4 


8 


12 


18 


24 


Initial 


29.3 


37.2 


52.1 


66.4 


73.9 


80.4 


85.4 


28 days 


31.1 


37.0 


51 .4 


66.0 


73.7 


81.3 


86.2 



Stability studies of the Aquacoat-coated hydromorphone beads of Examples 15 -17, as set forth 
above, show the initial dissolutions to be the same as dissolutions done on samples placed at 37*C/80% 
RH conditions. 



EXAMPLES 18-20 

In Examples 18 - 20, a single dose six-way randomized cross-over study (one week wash-out) was 
conducted in 12 patients and compared to the results obtained with an equivalent dose of an immediate 
release preparation. Blood samples were taken initially, 0.25, 0.5, 0.75, 1, 1.5, 2. 2.5, 3, 3.5, 4, 6, 8, 10, 12, 
18, 24, 30, 36 and 48 hours after administration in order to determine plasma levels. Comparative Example 
18A is 8 mg of a hydromorphone immediate release formulation (two tablets of Dilaudid® 4 mg tablets, 
commercially available from Knoll). Example 18 is an 8 mg dose of the encapsulated hydromorphone beads 
of Example 15. Example 19 is an 8 mg dose of the encapsulated hydromorphone beads of Example 16. 
Example 20 is an 8 mg dose of the encapsulated hydromorphone beads of Example 17. 

The results obtained for Comparative Example 18A are set forth in Figure 7. The results obtained for 
Example 18 are set forth in Figure 8. The results obtained for Example 19 are set forth in Figure 9. The 
results obtained for Example 20 are set forth in Figure 10. The results for Examples 18-20 are further set 
forth in Table 43 b low, which provides data regarding area under the curv (bioavailability), th peak 
plasma cone ntration (C^, and the tim to reach peak plasma concentration (tmax). 
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TABLE 43 



Product 


AUC 


Cm ax 


Tmax 


Comparative Example 18A 2 Dilaudid Tablets 


12427 


3013 


1.10 


Example 18 


6718 


1070 


2.58 


Example 19 


9933 


1265 


2.39 


Example 20 


8695 


1138 


0.88 



Dilaudid is known to be effective for about 6 hours. Blood levels for 8 mg Dilaudid at 6 hours were 
about 300 pg/ml hydromorphone. Therefore, a circulating concentration of about 300 pg/ml should be an 
effective analgesic concentration in the blood. 

The results obtained for Example 19 showed that at the 12th hour after administration, the blood levels 
of hydromorphone were over 500 pg/ml hydromorphone. and at the 24th hour after administration, the blood 
levels were well over 300 pg/ml. Therefore, this product is considered to be suitable for once a day 
administration. 

Example 20. on the other hand, provided levels of over 300 pg/ml at the 12th hour after administration, 
with levels of about 250 pg/ml at the 24th hour after administration. Therefore, this product is considered to 
be suitable for twice a day administration, and possibly suitable for once a day administration. 

EXAMPLE 21 

In Example 21, morphine sulfate controlled release beads with a 5% w/w controlled release of which 
7% of the coating includes HPMC as a pore former are prepared as follows. 

First, a starting bead product is manufactured using a rotor processing technique. The base morphine 
sulfate bead formula to which the controlled release coating is applied to is set forth in Table 44 below: 

Table 44 



Ingredient 


Amt/Unit 


Morphine Sulfate Powder 


30 mg 


Lactose Hydrous Impalpable 


42.5 mg 


PVP 


2.5 mg 


Sugar Beads 18/20 


125 mg 


Purified Water 


qs 


Opadry Red YS-1 -1841 


10.5 mg 


Total 


210.5 mg 



The controlled release coating is manufactured as follows. The pore former Methocel E5 Premium 
(HPMC), is dispersed and dissolved in enough purified water to yield a 2% w/w solution. 

An Aquacoat dispersion is plasticized with triethyl citrate for approximately 30 minutes. After 30 minutes 
the HPMC dispersion is mixed into the plasticized Aquacoat dispersion, and blended for an additional 15-30 
minutes. A load of the morphine sulfate beads is charged into a Uniglatt Wurster Insert equipped with a 1.2 
mm fluid nozzle. The beads are then filmcoated with the Aquacoat/HPMC dispersion (in a ratio of 93:7) to a 
weight gain of 5%. 

The controlled release coating formula used in Example 21 is set forth in Table 45 below: 
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Table 45 



Ingredient 


Amt/Unit 


Morphine Sulfate Base Beads 


210.5 mg 


Aquacoat ECD 30 (solids) 


9.8 mg 


Methocel E5 Premium 


0.7 mg 


Triethyl Citrate 


2.1 mg 


Purified Water 


qs 


Opadry Red YS-1-1841 


11.7 mg 


Purified Water 


qs 


Total 


234.8 mg 



After completion of the controlled release coating process, the coated beads are discharged from the 
Wurster Insert into a curing tray and cured in a temperature/humidity chamber at 60 • C/80% RH for 72 
hours. Upon completion of this curing step, the beads are dried to a LOD of 4% or less and are given a 
final overcoat of Opadry Red YS-1-1841 (15% w/w solution) using the Uniglatt Wurster Insert. The beads 
are then filled into hard gelatin capsules using a capsule filling machine to obtain the finished product. 

The finished product is then subjected to dissolution testing via USP Apparatus II (paddle method), 100 
rpm, 37 *C, 700 ml simulated gastric fluid (without enzyme) for one hour, and then 900 ml simulated gastric 
fluid (without enzymes) after first hour. 

The finished product is also subjected to dissolution testing after being stored for 3 months and 6 
months at room temperature; as well as under accelerated storage conditions (40*C/75% RH) for one 
month, two months and three months. The results are set forth in Table 46 below: 



Table 46 



Morphine Sulfate 30 mg Capsules 5% Controlled Release Coating 93:7 Ratio 


Storage Conditions 
& Testing Time 


Morphine Sulfate 
5H20 mg/cap 


Dissolution (Hours) 






1 


2 


4 


8 


12 


18 


24 


Initial 


29.75 


25.9 


42.7 


71.1 


96.8 


105.3 


105.6 


107.0 


RT 


















3 months 
6 months 


29.63 
29.64 


25.0 
22.8 


41.2 
40.4 


68.2 
65.7 


93.0 
91 .5 


102.7 
102.9 






40*C/75%RH 


















1 month 

2 months 

3 months 


29.33 
29.76 
29.16 


21.9 
23.1 
21.5 


39.1 
39.2 
37.6 


65.9 
67.4 
67.5 


92.9 
93.3 
92.8 


103.0 
103.3 
109.2 







As can be seen from the dissolution results provided in Table 46, the capsules of Example 21 provide a 
stable dissolution profile even after exposure to accelerated conditions for 3 months. 



EXAMPLE 22 

In Exampl 22, morphine sulfat controll d rel ase beads with a controlled rel ase coating of 5% w/w 
(including 5% HPMC as a por form r t by w ight of the coating), is prepared. 

A batch of approximately 892.4 g of morphin sulfate controlled releas beads is manufactured with a 
5% w/w controlled r lease coating and a 5% HPMC ov rcoat. The morphin sulfate bead formula to which 
th controlled rel ase coating is applied are prepared as d scribed in Exampl 21. Ther after, the 
controlled r leas c ating is pr pared and applied to th b ads. Further information concerning the 
formulation f Example 22 is provided in Table 47 below: 
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Table 47 



Ingredi nt 


Amt/Unit 


Morphine Sulfate Base Beads 


210.5 mg 


Aquacoat ECD 30 (solids) 


10.0 mg 


Methocel E5 Premium 


0.5 mg 


Triethyl Citrate 


2.1 mg 


Purified Water 


qs 


Opadry Red YS-1-1841 


11.7 mg 


Purified Water 


qs 


Total 


234.8 mg 



;s The manufacturing process and curing and encapsulation technique used is the same for Example 22 
as per Example 21, the difference being that the morphine sulfate beads are filmcoated with an 
Aquacoat/HPMC (95:5) dispersion in Example 22. 

The results of dissolution testing conducted in the same manner as per Example 21 are set forth in 
Table 48 below: 

20 

Table 48 





Morphine Sulfate 30 mg Capsules 5% Controlled Release Coating 95:5 Ratio 


25 


Storage Conditions 
& Testing Time 


Morphine Sulfate 
5H20 mg/cap 


Dissolution (Hours) 








1 


2 


4 


8 


12 


18 


24 




Initial 


30.38 


16.9 


29.6 


52.3 


79.8 


92.8 


101.4 


104.7 


30 


RT30*C 




















3 months 
6 months 


30.20 
30.3 


14.5 
15.7 


28.2 
28.9 


50.4 
49.7 


77.2 
78.6 


90.3 
92.1 






35 


40-C/75% RH 




















1 month 

2 months 

3 months 


" % 29.84 
30.72 
29.95 


15.9 
15.5 
13.9 


27.1 
27.4 
27.4 


47.7 
49.6 
49.8 


73.8 
76.6 
76.6 


87.4 
89.0 
88.9 







As can be seen from the dissolution results provided in Table 48, the capsules of Example 22 provide a 
dissolution which is slower than that of Example 21. The capsules once again provide a stable dissolution 
profile despite exposure to accelerated conditions. 



EXAMPLE 23 

In Example 23, morphine sulfate controlled release beads with a controlled release coating of 5% w/w 
(including 3% HPMC as a pore former, by weight of the coating), are prepared. 

A batch of approximately 892.4 g of morphine sulfate controlled release beads is manufactured with a 
5% w/w controlled release coating and a 5% HPMC overcoat. The morphine sulfate beads to which the 
controlled release coating was applied are prepared as described in Example 21 . Thereafter, the controlled 
releas coating is pr pared and applied to the beads to a weight gain of 5%. Further information cone ming 
th formulation of Example 23 is provided in Table 49 below: 
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Table 49 



10 



Ingredient 


Amt/Unit 


Morphine Sulfate Base Beads 


210.5 mg 


Aquacoat ECD 30 (solids) 


10.2 mg 


Methocel E5 Premium 


0.3 mg 


Triethyl Citrate 


2.1 mg 


Purified Water 


qs 


Opadry Red YS-1-1841 


11.7 mg 


Purified Water 


qs 


Total 


234.8 mg 



75 
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The manufacturing process and curing and encapsulation technique used is the same for Example 23 
as per Example 21, the difference being that the beads are filmcoated with an Aquacoat/HPMC (97:3) 
dispersion in Example 23. 

The results of dissolution testing conducted in the same manner as per Example 21 are set forth in 
Table 50 below: 

Table 50 

yscp 30 ma 5% CCI fRatio of 97:31 Capsules 
specifications 



Storage 
Conditions 
& Testing 
Time 

Initial 

RT 30 a C/60%RH 

3 months 

4Q'C/75% RH 

1 month 

2 months 

3 months 



Morphine 
Sulfate 
5H 2 0 30 
mq/cap 



31.60 

28.0 
25.64 
29.83 
31.63 



Dissolution (Hours) 
4 8 12 18 



17.8 28.4 46.7 73.1 86.0 99.0 

17.9 27.3 44.6 71.1 86.0 99.8 

18.3 26.4 46.9 77.0 92.9 109.7 
17.1 29.3 47.2 75.8 92.4 104.7 
14.3 23.9 40.8 67.2 81.1 96.3 



As can be seen from the dissolution results provided in Table 50, the capsules of Example 23 provide a 
dissolution which is slower than that of Example 22. The capsules once again provide a stable dissolution 
profile despite exposure to accelerated conditions. 

45 EXAMPLE 24 

Human bioavailability studies were conducted to compare the 30 mg morphine sulfate controlled 
release capsules produced in Examples 21 and 22 to a reference standard, MS Contin 30 mg tablets, which 
are marketed commercially for twice-a-day administration. The study was a three-way crossover study 
so using normal male volunteers with a one week wash-out period with the doses being administered under 
fasting conditions. Fift en (1 5) volunteers completed the study. 

A summary of the results obtained in this study are set forth in Table 51 below: 



55 
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Table 51 



Measurement 


MS Contin 


Example 21 


Example 22 


AUC 


89.31 


96.24 


93.85 


Tmax 


2.62 


2.90 


3.87 


Cmax 


10.09 


7.02 


5.89 


PW@HH* 


5.25 


9.00 


10.50 



•Peak Width at Half-Height 



Figure 11 is a graphical representation of the in-vitro percent dissolved of each of the formulations (MS 
Contin, Example 21 and Example 22). Figure 12 is a graphical representation of the blood levels obtained in 
the volunteers for each of the formulations. 

Figure 13 is a plot of the blood level curve obtained with MS Contin to a theoretical blood level curve 
which would be obtained if two 30 mg morphine sulfate controlled release capsules of Example 22 (ratio of 
Aquacoat/HPMC is 95:5) are administered simultaneously. The theoretical plot of Example 22 (wherein the 
blood level obtained with one capsule of Example 22 is doubles at each time point) indicate that the 
capsules of Example 22 appear suitable for administration to human patients on a once-a-day basis. This is 
a most surprising result because the in-vitro dissolution tests appeared to indicate that the formulation 
would be suitable only for twice-a-day administration (see Figure 11 showing in-vitro dissolution curves). 

EXAMPLE 25 

From the data in Example 24, it was apparent that the capsules of Example 22 (in which the beads are 
coated with a 5% coating of Aquacoat (HPMC in a 95:5% ratio)) gave blood profiles that looked suitable for 
once-a-day administration. However, the data indicated that with a slight decrease in the quantity of pore 
former (HPMC), an even better dosage formulation for a once-a-day product might be obtained. Therefore, 
a human bioavailability study was conducted using the capsule produced in Example 23 which contained a 
3% pore former with the capsules of Example 22 and MS Contin 30 mg as the reference. In the same study 
the effect of dosing with food was also investigated. Table 52 provides a summary of the results obtained. 

Table 52 



Study Group 


AUC 


Tmax 


Cmax 


Ex. 24 (97:3 Fasted) 


101 


5.6 


5.9 


Ex. 28 (95:5 Fasted) 


93 


3.6 


7.0 


Ex. 24 (97:3 Fed) 


96 


7.8 


5.9 


MS Contin (Fasted) 


103 


2.3 


13.0 



Figure 14 provides comparative in-vitro dissolution curves obtained with Example 23, Example 22 and 
MS Contin. 

Figure 15 provides representative blood levels obtained after administration of Example 23 (both fed 
and fasted) versus MS Contin (fasted). 

Figure 18 is a plot of the blood level curve obtained with MS Contin to a theoretical blood level curve 
which would be obtained if two 30 mg morphine sulfate controlled release capsules of Example 23 (ratio of 
Aquacoat/HPMC is 95:5) are administered simultaneously. The theoretical plot of Example 23 (wherein the 
blood level obtained with one capsule of Example 23 is doubles at each time point) indicate that the 
capsules of Example 23 appear suitable for administration to human patients on a once-a-day basis. This is 
a most surprising result becaus th in-vitro dissolution t sts appear d to indicate that th formulation 
would b suitable only for twice-a-day administration (se Figur 11 showing in-vitro dissolution curv s). 

EXAMPLE 26 

Controlled release acetaminophen (APAP) controli d release tablets ar prepared in accordanc with 
the pres nt invention as follows. First, immediate release APAP c res are pr pared by compressing 
Compap coarse L into tablet cores w ighing approximately 555.6 mg. Com pap coarse L contains 
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15 



approximately 90% APAP, along with pharmaceutical grade excipients including a binder, disintegrant and 
lubricant, and is a directly compressible material commercially available from Mallinckrodt, Inc., St. Louis, 
MO. The APAP tablet cores include approximately 500 mg of APAP. The compap coarse L is compressed 
using a rotary tablet press equipped with a 7/16" round, standard concave cup, plain, tooling. The cores 
were compressed at a theoretical weight of 555.6 mg and at a hardness of about 8-9 kg. 

Next, the APAP tablet cores prepared above are coated with the controlled release coating of the 
present invention as follows. Methocel E5 premium is dispersed in three times its weight of hot purified 
water using a mixer. Thereafter, purified water at ambient temperature is added and mixed for approxi- 
mately 1 hour. The mixture is allowed to cool. The amount of the ambient temperature purified water added 
is calculated such that the final coating suspension will have a concentration of about 20% of solids 
polymer and plasticizer. 

In a separate container, triethyl citrate is mixed with Aquacoat ECD-30 for about 15 minutes. The 
AquacoaVtriethyl citrate suspension is then added to the methocel dispersion and mixed thoroughly. The 
appropriate quantity of APAP tablet cores are loaded into an Accella Cota coating pan. The 
Aquacoat/triethyl citrate coating suspension is sprayed from an appropriate spray gun until a weight gain of 
10% per tablet is attained. . 

Further information concerning the controlled release coated APAP tablets is set forth in Table 53 

below: 
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Ingredients 


mg/tab 


APAP IR tablet cores 


555.6 


Aquacoat ECD-30 (solids) 


27.78 


Methocel E5 premium 


27.78 


Triethyl Citrate 


11.11 


Purified water 


qs 


Total: 


622.27 



After completion of the coating process, the coated tablets are discharged into a curing tray and cured 
in a temperature/ humidity chamber at 60«C/80% RH for 72 hours in order to obtain a stabilized controlled 
release formulation. In vitro dissolution is carried out in a simulated intestinal fluid at 37 «C using the USP 
35 basket method at 100 RPM. The results are set forth in Table 54 below: 

Table 54 



40 



45 



Hour 


% APAP Dissolved 


1 


2.7 


2 


6.3 


4 


13.9 


8 


27.1 


12 


36.4 


18 


47.7 


24 


58.4 



50 



55 



EXAMPLE 27 

In Example 27, controlled rel ase APAP tablets having a slow r dissolution than those of Example 26 

are prepar d. _ 

First, imm diate r lease APAP tablet c r s are prepared in accordance with Exampl 26. Thereafter, 
APAP controlled release tablets are manufactured by coating the imm diate releas APAP tabl t cor s with 
a controlled rel ase coating btained from an aqueous disp rsion of ethylcellulose containing 50% HPMC 
as a pore former to a 15% w ight gain. The formula for the coat d APAP tablet cores is set forth in Table 
55 below: 
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Table 55 



Ingredients 


mg/tab 


APAP IR tablet cores 


555.6 


Aquacoat ECD-30 (solids) 


41.67 


Methocel E5 premium 


41.67 


Triethyl Citrate 


16.67 


Purified water 


qs 


Total: 


655.61 



The method of manufacture of the coating suspension and its application to the cores are the same 
set forth in Example 26. The coating suspension is applied until the requisite weight gain per tablet 
attained Thereafter, the coated tablets are cured in accordance with the procedures set forth with regard 
Example 26. Next, in-vitro dissolution of the cured coated APAP controlled release formulation is earned c 
in the same manner as in Example 26. The results are set forth in Table 56 below: 



Table 56 



Hour 


% APAP Dissolved 


1 


2.3 


2 


5.3 


4 


10.6 


8 


20.1 


12 


28.6 


18 


39.5 


24 


50 



EXAMPLE 28 

In Example 28, the release rate of the controlled release APAP tablet formulation of Example 26 is 
increased by increasing the quantity of the pore former. In this Example, immediate release APAP tablet 
cores are prepared according to the manufacturing procedure set forth in Example 26. Thereafter, a 
controlled release coating comprising an aqueous dispersion of ethylcellulose containing 60% HPMC as a 
pore former is applied to the immediate release APAP tablet cores. 

Thereafter, the coating suspension is applied to the tablet cores in the manner set forth with regard to 
Example 26. The coating suspension is applied until the requisite weight gain per tablet is attained. Further 
information concerning the formulation of Example 28 is set forth in Table 57 below: 

Table 57 



Ingredients 


mg/tab 


APAP IR tablet cores 


555.6 


Aquacoat ECD-30 (solids) 


22224 


Methocel E5 premium 


33.336 


Triethyl Citrate 


11.112 


Purified water 


qs 


Total: 


622.272 



Thereafter, the tablets of Exampl 28 are cur d in the sam manner as those of Exampl 26. 
dissolution of the cured, coat d tablets of Exampl 28 is s t forth in Table 58 below: 
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Tabl 58 



Hour 


% APAP Dissolved 


1 


3.1 


2 


22.4 


4 


79.4 


8 


100.1 



70 

EXAMPLE 29 

In Example 29, the dissolution rate of the tablets of Example 26 is increased by virtue of increasing the 
amount of pore former contained in the controlled release coating to 70%. 
75 In Example 29, immediate release tablet cores are prepared in accordance with the procedure set forth 
with regard to Example 26. Thereafter, the immediate release cores are coated with a controlled release 
coating comprising an aqueous dispersion of ethylcellulose containing 70% HPMC as the pore former. The 
coating is contained until a weight gain of 10% is achieved. The formula for the coated APAP tablet cores is 
set forth in Table 59 below: 

20 

Table 59 



Ingredients 


mg/tab 


APAP IR tablet cores 


555.6 


Aquacoat ECD-30 (solids) 


16.668 


Methocel E5 premium 


38.892 


Triethyl Citrate 


11.112 


Purified water 


qs 


Total: 


622.272 



Thereafter, the coated tablets are cured under the same conditions set forth in Example 26. In vitro 
dissolution is then carried out as set forth in Example 26. The results are set forth in Table 60 below: 

Table 60 



Hour 


% APAP Dissolved 


1 

2 


97.2 
102.8 



The examples provided above are not meant to be exclusive. Many other variations of the present 
45 invention would be obvious to those skilled in the art. 

Claims 

1. A controlled release dosage form, comprising 

50 a solid substrate comprising an effective amount of a therapeutically active agent, said solid 

substrate being controlled with an aqueous dispersion of ethylcellulose in an amount effective to 
provide a controlled release of said therapeutically active agent when said coated substrate is exposed 
to gastrointestinal fluid, said coated substrate when subjected to in-vitro dissolution after exposure to 
accelerated storage conditions of at least one month at 40'C/75% RH releasing an amount of .said 

55 therapeutically active agent which does not vary at any given dissolution time point by more than about 
20% of the total amount of therapeutically active agent released when compared to in-vitro dissolution 
conducted prior to storage. 
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2. The dosage form of claim 1, characterized in that said coating is suffici nt to provide effective blood 
levels of said therap utically active agent tor at least about 12 hours, said coated substrate upon in- 
vito dissolution testing providing a band range, when comparing the dissolution profile after exposure 
to accelerated storage conditions of at least one month at a temperature of 40 *C and a relative 
humidity of 75% to the dissolution profile prior to exposure to said accelerated conditions, which is not 
wider than about 20% of total active agent released at any point of time. 

3. The dosage form of claim 2, characterized in that said coated substrate is cured at a temperature 
greater than the glass transition temperature of the aqueous dispersion of plasticized ethylcellulose and 
at a relative humidity from about 60% to about 100% to cause individual ethylcellulose particles in said 
coating to coalesce and to gradually slow the release of said active agent when exposed to an 
environmental fluid, until said band range is obtained. 

4. A solid controlled release oral dosage form, comprising a substrate containing a systernically active 
therapeutic agent in an amount sufficient to provide a desired therapeutic effect when said formulation 
is orally administered, said substrate being coated with an aqueous dispersion of plasticized ethylcel- 
lulose to a weight gain from about 2% to about 25%, said coating being sufficient to obtain a controlled 
release of said active agent when measured by the USP Paddle Method at 100 rpm at 900 ml aqueous 
buffer (pH between 1.6 and 7.2) at 37 «C from about 12.5% to about 42.5% (by wt) active agent 
released after 1 hour, from about 25% to about 55% (by wt) active agent released after 2 hours, from 
about 45% to about 75% (by wt) active agent released after 4 hours and from about 55% to about 85% 
(by wt) active agent released after 8 hours, said coated substrate, when subjected to accelerated 
storage conditions of at least one month at 40°C/75% RH, releasing an amount of said therapeutically 
active agent upon in-vitro dissolution which does not vary at any given time point by more than about 
20% of the total amount of therapeutically active agent released when compared to in-vitro dissolution 
conducted prior to storage. 

5. The dosage form of claims 1-4, which provides therapeutically effective blood levels when administered 
orally for at least 24 hours. 

6. The dosage form of claims 1-5, wherein said substrate is coated to a weight gain from about 2% to 
about 25%. 

7. The dosage form of claims 1-6, wherein said therapeutically active agent is selected from the group 
consisting of antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-intestinals, anti- 
emetics, anti-epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones, 
diuretics, anti-hypotensives, anti-hypertensives, bronchodilators, antibiotics, antivirals, antihemor- 
rhoidals, steroids, hypnotics, psycho-tropics, antidiarrheals, mucolytics, sedatives, decongestants, laxa- 
tives, vitamins, and stimulants. 

8. The dosage form of claims 1-7, wherein said substrate is a pharmaceutical^ acceptable bead, and a 
plurality of said coated, cured beads are placed in a capsule in an amount sufficient to provide an 
effective controlled release dose when contacted by an aqueous solution. 

9. The dosage form of claims 1-8, wherein said substrate is a tablet core. 

10. The dosage form of claims 1-8, wherein said therapeutically active agent is an opioid analgesic 
selected from the group consisting of hydromorphone, oxycodone, morphine, levorphanol, methadone, 
meperidine, heroin, dihydrocodeine, codeine, dihydromorphine, buprenorphine, salts of any of the 
foregoing, and mixtures of any of the foregoing. 

11. The dosage form of claim 3, wherein said coating is cured for a time period from about 48 to about 72 
hours at a relative humidity of about 85%. 

12. The dosage form of claims 1-11, characterized in that said coating further comprises a release- 
modifying agent in an amount effective to modify the rate of release of said active agent from said 
cured, coated substrate. 
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13. The dosage form of claim 12, wherein said release-modifying agent is selected from the group 
consisting of a hydrophilic polymer, a semi-permeable polymer, an erosion-promoting polymer, an 
agent capable of making microporous lamina, a pore-former, and mixtures of any of the foregoing. 

5 14. The dosage form of claims 12-13, wherein said coating comprises from about 0.1% to about 70% of 
said release-modifying agent. 

15. The dosage form of claim 12, wherein said coating comprises from about 0.1% to about 50% of said 
release-modifying agent. 

w 

16. The dosage form of claim 12, wherein said coating comprises from about 0.1% to about 25% of said 
release-modifying agent. 

17. The dosage form of claims 1-4, wherein said coated substrate includes at least one passageway 
75 through said coating which modifies the release of said systemically active therapeutic agent. 

1a The dosage form of claim 12, wherein said release-modifying agent is selected from the group 
consisting of hydroxypropylmethylcellulose, lactose, metal stearates, and mixtures of any of the 
foregoing. 

20 

19. The dosage form of claims 1-4, which provides a stabilized dissolution of said active agent which is 
unchanged after exposure to accelerated storage conditions of a temperature of 40 *C and a relative 
humidity of 75% for 3 months. 

25 20. The dosage form of claims 4, 5, 7 and 10, wherein a portion of the amount of said active agent 
included in said formulation is incorporated into a coating on said substrate. 

21. The dosage form of claim 2, characterized in that the band range, when comparing the dissolution 
profile after exposure to accelerated storage conditions of at least one month at a temperature of 40 *C 

so and a relative humidity of 75% to the dissolution profile prior to exposure to said accelerated 
conditions, does not differ by more than about 15%. 

22. The dosage form of claim 2, characterized in that the band range, when comparing the dissolution 
profile after exposure to accelerated storage conditions of at least one month at a temperature of 40 0 C 

35 and a relative humidity of 75% to the dissolution profile prior to exposure to said accelerated 
conditions, does not differ by more than about 10%. 

2a A method of treating a human patient, comprising orally administering the oral solid dosage form of 
claims 1-22. 

40 

24. A controlled release formulation comprising a substrate containing an active agent in an amount 
sufficient to provide a desired effect in an environment of use, said active agent being selected from 
the group consisting of a locally active therapeutic agent, a disinfecting agent, a cleansing agent, a 
fragrance, a fertilizing agent, a deodorant, a dye, an animal repellant, an insect repellant, a pesticide, a 

45 herbicide, a fungicide, and a plant growth stimulant, said substrate coated with an aqueous dispersion 
of plasticized ethylcellulose in an amount sufficient to obtain a controlled release of said active agent 
when said formulation is exposed to an environmental fluid, said coated substrate being cured at a 
temperature greater than the glass transition temperature of the aqueous dispersion of plasticized 
ethylcellulose and at a relative humidity from about 60% to about 100% for a sufficient period of time 

50 until a curing endpoint is reached at which said coated substrate provides a stabilized dissolution of 
said active agent which is unchanged after exposure to accelerated storage conditions, said endpoint 
being determined by comparing the dissolution profile of the formulation immediately after curing to the 
dissolution profile of the formulation after exposure to accelerated storage conditions of at least one 
month at a temperature of 37 *C and at a relative humidity of 80%. 

55 

25. The formulation of claim 24, wherein said substrate is coated to a weight gain from about 2 to about 
30%. 
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26. The formulation of claim 24, wherein said locally active therapeutic agent is selected from the group 
consisting of an antifungal agent, an antibiotic, an antiviral agent, a breath freshener, an antitussive 
agent, an anticariogenic agent, an analgesic agent, a local anesthetic, an antiseptic, an anti-flammatory 
agent, a hormonal agent, an antiplaque agent, an acidity reducing agent, and a tooth desensitizer. 

5 

27. The formulation of claim 24, wherein said substrate is a tablet core. 

28. The formulation of claim 24, wherein said coating is cured for a time period from about 48 to about 72 
hours at a relative humidity of about 85%, until said endpoint is reached. 

70 

29. The formulation of claim 24, wherein said coating further comprises a release-modifying agent in an 
amount effective to modify the rate of release of said active agent from said cured, coated substrate. 

30. The formulation of claim 29, wherein said release-modifying agent is selected from the group consisting 
75 of a hydrophilic polymer, a semi-permeable polymer, an erosion-promoting polymer, an agent capable 

of making microporous lamina, a pore-former and mixtures of any of the foregoing. 

31. The formulation of claims 29 and 30, wherein said coating comprises from about 0.1% to about 70% of 
said release-modifying agent. 

20 

32. The formulation of claim 29, wherein said release-modifying agent is selected from the group consisting 
of hydroxypropyimethylcellulose, lactose, metal stearates and mixtures of any of the foregoing. 

33. A method of treating a patient with a controlled release oral solid dosage form which provides an 
25 effective blood level of a therapeutically active agent for a predetermined amount of time, comprising: 

preparing a solid substrate comprising a sufficient amount of a therapeutically active agent to 
provide therapeutically effective blood levels in the patient for about 12 to about 24 hours, 

coating said substrate with a sufficient amount an aqueous dispersion of plasticized ethylcellulose 
to obtain a predetermined controlled release of said active agent when said coated substrate is 
30 exposed to an environmental fluid, and 

curing said coated substrate at a temperature greater than the glass transition temperature of the 
aqueous dispersion of plasticized ethylcellulose and at a relative humidity from about 60% to about 
100% until a curing endpoint is reached at which said coated substrate provides a stabilized dissolution 
of said active agent which is unchanged after exposure to accelerated storage conditions, said endpoint 
35 being determined by comparing the dissolution profile of the formulation immediately after curing to the 
dissolution profile of the formulation after exposure to accelerated storage conditions of at least one 
month at a temperature of 37 °C and at a relative humidity of 80%, 

and administering an oral solid dosage form comprising said cured, coated substrate to the patient 
to thereby obtain the desired therapeutic effect for about 12 to about 24 hours. 
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34. A method for obtaining an controlled release formulation of an active agent, comprising: 

preparing a solid substrate comprising an active agent; 

coating said substrate with a sufficient amount an aqueous dispersion of plasticized ethylcellulose 
to obtain a predetermined controlled release of said active agent when said coated substrate is 

45 exposed to an environmental fluid, and 

curing said coated substrate at a temperature greater than the glass transition temperature of the 
aqueous dispersion of plasticized ethylcellulose and at a relative humidity from about 60% to about 
100% until a curing endpoint is reached at which said coated substrate provides a stabilized dissolution 
of said active agent which is unchanged after exposure to accelerated storage conditions, said endpoint 

50 being determined by comparing the dissolution profile of the formulation immediately after curing to the 
dissolution profile of the formulation after exposure to accelerated storage conditions of at least one 
month at a temperature of 37 *C and at a relative humidity of 80%. 

35. The method of claim 34, wherein said active agent is selected from the group consisting of + a 
55 systemically activ therapeutic agent, a locally active therapeutic agent, a disinfecting agent, a 

cleansing agent, a fragrance, a fertilizing agent, a deodorant, a dye, an animal repellant, an insect 
repellant, a pesticide, a herbicide, a fungicide, and a plant growth stimulant. 



39 



EP 0 630 646 A1 



36 The method of claim 34, wherein said locally active therapeutic agent is selected from the group 
' consisting of an antifungal agent, an antibiotic, an antiviral agent, a breath freshener, an antitussive 
agent, an anticariogenic agent, an analgesic agent, a local anesthetic, an antiseptic, an anti-flammatory 
agent, a hormonal agent, an antiplaque agent, an acidity reducing agent, and a tooth desensrtaer. 

37. The method of claims 33-34, characterized in that said substrate comprises pharmaceutically accept- 
able inert beads, further comprising coating said therapeutically active agent onto the surface of said 
inert beads, and preparing said oral dosage form by placing a sufficient quantity of cured coated beads 
into a capsule. 

38. The method of claim 33, further comprising preparing said substrate for oral administration by 
incorporating said therapeutically active agent into a tablet. 

39. The method of claims 33-34, wherein said coated substrate is cured for about 48 to about 72 hours, 
until said end point is reached. 

40. The method of claims 33-34. further comprising coating said substrate to a weight gain from about 2% 
to about 25%. 

41. The method of claims 33-34, wherein said therapeutically active agent is selected from the group 
" consisting of antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-intestinals, anti- 
emetics anti-epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones, 
diuretics, anti-hypotensives, anti-hypertensives, bronchodilators, antibiotics, antivirals, antihemor- 
rhoidals. steroids, hypnotics, psychotropics. antidiarrheaJs, mucolytics, sedatives, decongestants, laxa- 
tives, vitamins, and stimulants. 

42 The method of claims 33-34, wherein said active agent is an opioid analgesic selected from the group 
consisting of hydromorphone, oxycodone, morphine, levorphanol. methadone, meperidine, heroin, 
dihydrocodeine. codeine, dihydromorphine, buprenorphine, salts thereof, and mixtures thereof. 

4i The method of claims 33-34 and 37-42, wherein said oral solid dosage form provides a desired 
therapeutic effect for about 24 hours. 

44 The method of claims 33-34. further comprising incorporating a release-modifying agent in said 
aqueous dispersion of ethylcellulose in an amount effective to modify the rate of release of said active 
agent from said cured, coated substrate. 

45 The method of claim 44, wherein said release-modifying agent is selected from the group consisting of 
a hydrophilic polymer, a semi-permeable polymer, an erosion-promoting polymer, an agent capable of 
making microporous lamina, a pore-former, and mixtures of any of the foregoing. 

46. The method of claim 44, wherein said release-modifying agent is selected from the group consisting of 
hydroxypropylmethylcellulose, lactose, metal stearates, and mixtures of any of the foregoing. 
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FIG. 9 




51 



EP 0 630 646 A1 



FIG. IO 



3000 




52 



EP 0 630 646 A1 




53 



EP 0 630 646 A1 




54 



EP 0 630 646 A1 




SI 



EP 0 630 646 A1 
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